Atrial fibrillation (AF) is associated with numerous cardiovascular complications. We sought to estimate the annual burden of cardiovascular complications in AF patients in French hospitals.
Introduction
Atrial fibrillation (AF) is the most common chronic cardiac rhythm disorder, with a prevalence of between 1 and 2% in the general population. 1, 2 In France, between 600 000 and 1 million people are estimated to have AF. 3 Atrial fibrillation has attracted much attention due to its association with substantial mortality and morbidity. Indeed, this arrhythmia is associated with numerous cardiovascular complications including ischaemic stroke, heart failure, and myocardial infarction. 4 Furthermore, the use of anticoagulant therapy for stroke prevention in AF increases the risk of bleeding. 4 The attributable risk of AF for stroke is 1.5% for those aged 50 -59 years and 23.5% for those aged 80 -90 years. 5 A recent study in patients with AF estimated the 24-month cumulative incidence of stroke to be 32.1 cases per 1000, haemorrhage to be 53.1 cases per 1000, myocardial infarction to be 20.3 cases per 1000, and chest pain to be 45.3 cases per 1000. 6 Rehabilitation care contributes a high number of hospital stays after acute care for a stroke; one-third of patients (with AF or not) were admitted for rehabilitation after a stroke event. 7 However, no data are available on the global burden of AF and its cardiovascular complications in France. The objectives of this study were to describe the characteristics of patients with AF hospitalized in France in 2012 and to estimate the annual burden of this arrhythmia and of cardiovascular complications in hospitalized patients with AF, at national and regional levels.
Methods
In this retrospective analysis, we used data from the Programme de médicalization des systèmes d'information (PMSI). The PMSI consists of five comprehensive databases that record diagnoses and procedures for most day-care and inpatient stays in private and public hospitals in France. Information from two of these databases was used. PMSI-MCO (Médecine chirurgie obstétrique, Medicine, Surgery, Obstetric) was used to identify patients and PMSI-SSR (Soins de suite et de réadaptation, postacute care and functional rehabilitation) was used to identify medical and rehabilitation procedures during hospitalization and physical and cognitive dependence. The study population comprised adults (≥18 years) with a diagnosis of AF or atrial flutter (ICD-10 code I48) coded in the principal diagnosis (i.e. the health problem that justified admission to hospital), the related diagnosis (i.e. potential chronic disease or health state during hospital stay), or the significantly associated diagnosis (i.e. comorbidity or associated complication) who were hospitalized for any reason from 1 January to 31 December 2012. Patient information (demographics, coexisting medical conditions, and medical history) was described using data collected in their hospital records since 1 January 2007. Individualized risk stratification was done retrospectively using the CHA 2 For AF complications occurring in 2012, data from acute and rehabilitation stays were collected and analysed.
Statistical analysis
Qualitative variables are described using counts and percentages and continuous quantitative variables as means and standard deviations (SDs). Comparisons were made using non-parametric tests as appropriate: the Wilcoxon W and Kruskal-Wallis tests were used for comparing values between two independent groups and the x 2 test for comparing categorical data. Costs of acute stays were determined using diagnosisrelated groups and corresponding tariffs (2012 Euros). Regarding the costs of rehabilitation, stays were valuated using the Activity Value Indicator (AVI) points system for each week per patient. The AVI points obtained for each week per patient are deducted from an algorithm formula taking into account the specific parameters correlated to the patient's care. 8 The mean costs per patient (including both acute and rehabilitation stays) were estimated for each cardiovascular complication. All analyses were performed using SAS software version 9.2 (Cary, NC, USA).
Results

Patient characteristics and reasons for hospitalization
In France in 2012, 533 044 patients were hospitalized for AF as the principal, related, or associated diagnosis. The mean + SD age of the population was 78.0 + 11.4 years, 53.2% were ≥80 years, and 47.1% were women ( Table 1 ). The prevalence of hypertension was 70.2 and 24.2% had diabetes mellitus. Overall, 50.2% of patients were hospitalized for a cardiovascular reason, most commonly for a cardiac dysrhythmia (22.5%), followed by heart failure (18.3%), vascular/ischaemic diseases (7.1%), stroke/transient ischaemic attack (TIA)/systemic embolism (SE) (6.9%), and haemorrhages (1.3%) ( Table 2) .
Resource use and costs
Resource use Of the cardiovascular-related hospitalizations, 44.9% required emergency admission. The mean length of stay (LOS) in acute care was 8.2 + 9.3 days. In the 15.8% of patients who required transfer to a rehabilitation unit, the LOS for rehabilitation was 32.0 + 28.5 days. A total of 50 165 patients (9.4%) died during hospitalization, of which 17 066 (34.0%) were cardiovascular deaths. Of the cardiovascular complications, patients with stroke/TIA/SE showed significantly higher rates (P , 0.0001) of emergency admission, transfer to rehabilitation, and death at hospital discharge compared with patients with heart failure, cardiac dysrhythmia, or vascular/ischaemic diseases, but not for patients with haemorrhages ( Figure 1 ). The length of stay was longer for patients with stroke/TIA/SE than for other cardiovascular complications, for both acute care (median: 9.0; Q1 -Q3: 5.0-16.0) ( Figure 2A ) and rehabilitation care (median: 34.0; Q1-Q3: 19.0-30.0) ( Figure 2B ). In hospitalized patients with AF who had a stroke, 74.9% required emergency admission to hospital and 34.2% required rehabilitation in hospital ( Table 3) .
Global costs
The overall costs for the management of cardiovascular complications were E1.94 billion. Heart failure represented E805 million (41.5%), cardiac dysrhythmia E386 million (19.9%), stroke/TIA/SE E362 million (18.7%), vascular/ischaemic diseases E341 million (17.6%), and haemorrhages E48 million (2.5%) ( Figure 3 ). Hospitalization for AF symptoms as the principal diagnosis was collected in the cardiac dysrhythmia group, and represented 5674 stays (5433 patients) for a total amount of E9.5 million in 2012. Acute care
What's new? † The hospital costs of cardiovascular complications in patients with AF are substantial in France, representing 2 billion Euros. † While stroke, TIA, and SE are not the most frequent complications in AF, they have higher resource consumption. These complications require special attention because of their preventability.
was provided in public hospitals for 75.0% of patients and rehabilitation care for 66.2% of patients ( Table 4) . These rates increased to 88.8 and 75.2%, respectively, for patients with stroke/TIA/SE.
Mean costs per patient per event
In patients hospitalized for a cardiovascular complication, those with stroke/TIA/SE had the highest mean cost per patient (E10 094), followed by vascular/ischaemic diseases (E9366), heart failure (E8419), haemorrhages (E6841), and cardiac dysrhythmia (E3299). Haemorrhagic stroke had a higher mean cost per patient (E12 748) than ischaemic stroke (E11 234), SE (E9087), unspecified stroke (E8108), and TIA (E3734).
Discussion
A total of 533 044 patients with AF were hospitalized in France in 2012 (841 per 100 000 inhabitants), half for a cardiovascular reason, and 53.2% were among the very elderly (≥80 years). Consequently the annual burden for cardiovascular complications related to AF is huge, costing nearly E2 billion, and equivalent to 2.6% of the total expenditure of French hospitals in 2012. To our knowledge, this is the first national cost-of-illness estimate for AF complications in France. It can, however, be measured against UK data, where 0.9-2.4% of the UK healthcare budget was allocated to AF in 2000, and against US data, where $6.65 billion was attributed to AF hospitalizations in 2005. 9 Previously, based on 2000 data from France, Jeantet et al. 10 estimated the cost of treatment for the first two episodes of AF to be E305 million.
The results from this study show that the use of healthcare resources in patients with AF is substantial: 45% of patients were hospitalized as an emergency admission and the mean LOS in acute care exceeded 1 week. Of the cardiovascular complications, stroke/ TIA/SE required the greatest use of healthcare resources (i.e. emergency admission, transfer to rehabilitation unit, and LOS) and cost the most per patient. Hence, minimizing the risk of stroke in patients with 17 This finding may explain the higher rate of patients with strokes managed in public hospitals (where most emergency units are located) as opposed to private hospitals. A similar relationship can be observed for haemorrhage and heart failure. The use of healthcare resources in the 36 320 patients with stroke/TIA/SE was generally homogenous, but with a few notable exceptions. Although often thought of as benign, four-fifths of AF patients with a TIA were admitted to hospital as emergencies, and the mean acute LOS exceeded a week. While this could potentially be viewed as a poor use of resources, the general public is appropriately encouraged to attend the emergency department if they experience early signs suggestive of stroke, and often the transient nature of the symptom may not be apparent at the time of presentation. Furthermore, the long LOS for TIA in patients with AF may be related to the patient's age or their social situation, which cannot be evaluated in our study, but is similar to that reported in a Spanish study (mean 8 days vs. 7.3 days, respectively). 18 The rate of death at discharge was also considerably higher for patients with haemorrhagic stroke when compared with the other cardiovascular complications. This finding is concert with recent data showing that patients with haemorrhagic stroke were at greater risk of dying within the first 30 days of the event when compared with those with ischaemic stroke. 19 Despite the substantial costs related to stroke in the study population, additional costs correspond to a global cardiac disease. Many aspects of the current care for AF patients set apart treatment 'strategies', while an approach that takes into account all aspects of their cardiac profile may achieve better clinical outcomes. Optimizing the management of these patients, including the use of evidence-based cardiac medications, Figure 1 Emergency admission, transfer to rehabilitation unit, and death at hospital discharge according to type of cardiovascular complication (*P , 0.0001 vs. stroke/TIA/SE; NS: non-significant difference vs. stroke/TIA/SE). SE, systemic embolism; TIA, transient ischaemic attack. particularly for heart failure associated with AF, will ultimately reduce the healthcare costs in these patients.
Strengths and limitations
The principal strength of this study was the use of the French PMSI database, which contains information on all public and private hospital stays in France. This medico-administrative database has also been used for epidemiological and medico-economic purposes in many medical fields, including studies assessing the incidence of stroke and haemorrhage. 6, 20 Analyses from the PMSI database allow 'real-world' research that would not be feasible if conducted in a prospective manner. The reports contained in the PMSI database are coded under the responsibility of the head physician at each medical unit and with the quality support of a dedicated department in each hospital; coding may, however, have been performed by a more junior member of staff. External quality controls are also conducted by insurers, as hospital financial resources are directly related to the coded information. Nevertheless, some limitations must be acknowledged. Only the burden of hospitalizations has been taken in account in our study, which also underestimated some factors. First, in everyday clinical practice, patients with non-major complications (e.g. mild bleeding) are not systematically hospitalized, and may therefore be underreported in our study. Secondly, the absence of consultation and prescription data in community care is a limitation, but is small relative to the cost of hospitalization for cardiovascular complications. Indeed, in the future it may be possible to address the burden of disease in France using a national health insurance database, which contains both hospital and community care reimbursement data. Finally, our analysis included all AF diagnoses, irrespective of whether it was the primary reason for hospitalization or a coexisting condition. In a proportion of heart failure admissions, for example, AF may be a co-morbidity that has only a small impact on the costs of admission, and thus we may have overestimated the costs attributed to AF in this analysis.
Conclusion
Atrial fibrillation-related cardiovascular complications pose a substantial economic burden in French hospitals, and emphasize the need to minimize the risk of cardiovascular events in this population.
